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Abstract - Worker dose estimates have been made for various exposure scenarios 
resulting from the relocation of soil from the H Area Retention Basin (HRB) to the Old 
Radioactive Waste Burial Ground (ORWBG) at the Savannah River Site (SRS).  
Estimates were performed by hand calculations and using RESRAD (Yu et al. 2001) and 
MAXDOSE (Simpkins 1999).   Doses were estimated for the following pathways:  (1) 
shine and inhalation as a result of standing on contaminated soil at HRB and ORWBG; 
(2) exposure to off-unit receptors due to soil disturbances from excavation type activities 
at HRB and ORWBG; (3) exposure to off-unit receptors due to soil disturbances from 
dumping of soil from bucket and from roll-off pan; and (4) exposure to off-unit receptors 
from wind driven dust from contaminated area.  The highest dose estimates (0.25 mSv hr-

1)  resulted from the receptor standing on HRB.    
 
 
 

INTRODUCTION 
 
The Savannah River Site (SRS) processes and stores nuclear materials in support of the 
national defense and U.S. nuclear non-proliferation efforts.  The site also develops and 
deploys technologies to improve the environment and treat nuclear and hazardous wastes 
from the Cold War.  The SRS complex is located in South Carolina along the Savannah 
River and covers approximately 800 km2.   As a result of operation in the early years, 
there are many waste units on site.  The General Separations Area Consolidated Unit 
consists of the H Area Retention Basin (HRB) , two ponds and the Old Radioactive 
Waste Burial Ground (ORWBG).  In an effort to remove potential threat source material, 
waste from the former three is being transferred to the latter.  The contamination within 
the HRB represents the highest potential dose exposure.   
 
Movement of contaminated debris comes with a variety of challenges.  One of which is 
assessment of dose to workers involved in the process. Doses were estimated for the 
following pathways:  (1) shine and inhalation as a result of standing on contaminated soil 
at HRB and ORWBG; (2) exposure to off-unit receptors due to soil disturbances from 
excavation type activities at HRB and ORWBG; (3) exposure to off-unit receptors due to 
soil disturbances from dumping of soil from bucket and from roll-off pan; and (4) 
exposure to off-unit receptors from wind driven dust from contaminated area.  The 
pathway depicting emissions from soil becoming airborne by vehicular traffic is assumed 
to be included within the excavation pathway since this includes all soil emissions as a 
result of this process.         
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Estimating dose for each of these airborne pathways first requires the development of a 
source term, or the amount of radioactive material released to the atmosphere per unit 
time.  Once this is determined, atmospheric dispersion models can be used to predict 
downwind air concentrations and finally dose.  Methodologies such as these are crude 
approximations of complex processes and should be treated as such.  Depending on 
weather conditions, actual dose could vary considerably.   
 
 

SOURCE TERM DERIVATION FOR VARIOUS PATHWAYS 
 
Standing at HRB and ORWBG 
 
RESRAD was used to estimate dose from inhalation and incidental ingestion of the soil 
while performing work at the HRB or ORWBG.  Average soil concentration values used 
for this analysis were taken from the H Area Retention Basin Baseline Risk Assessment 
(WSRC 2001a) and are shown in Table 1.   
 
Soil Disturbances from Excavation 
 
Workers adjacent to the contaminated soil can be exposed when the soil becomes 
airborne during excavation-type processes at HRB or ORWBG (e.g., digging, relocating, 
transferring, bull dozing, etc.).  The emission rate due to excavation can be estimated by 
the following equation (USDOE 1994a):   
 

4.1

5.1

)m(

)s(45.0
75.0e =  

 
where 
 
e emission rate in kg hr-1 

 
s silt content of surface material 
 
m surface moisture content of material in percent 
 
The silt content of the soil was estimated to be 0.5 and the moisture content was 19.2% 
(WSRC 2001a).  Using these parameters, the resulting emission rate is 1.2 kg hr-1.  Using 
the concentrations supplied in Table 1, source terms (Bq hr-1) can be estimated.    
 
  
Soil Disturbances from Dumping of Soil from Bucket and From Roll-Off Pan 
 
Off-unit receptors can become exposed when soil particles become airborne due to 
disturbances when dumping is performed both from the excavator bucket to the roll-off 
pan at HRB and from the roll-off pan to the dumping area at the ORWBG.   
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Using DOE (1994b) the airborne release fraction (ARF) can be estimated using the 
following equation: 
 

02.137.2125.0 /HM1064.0ARF ρ=  
 
 
where 
 
M  mass of soil dumped, kg 
 
H  height of drop,  m 
 
ρ  density of the soil, kg m-3 
 
For excavation of soil at HRB, the excavator bucket is assumed to contain approximately 
1.9 m3 of soil, which is loose with a density of 1200 kg m-3.  Therefore, the mass of the 
soil contained within the bucket is about 2300 kg.  The height is assumed to be about 2 
m.  Using the above equation, the fraction of soil that could become airborne is about 
0.001.  For each dump potentially 2.3 kg of soil could become airborne.  Assuming an 
estimated cycle time of 2.5 minutes (370 m3 in an 8-hour workday), 24 dumps could be 
performed per hour resulting in the potential for 57 kg hr-1 to become airborne.  Using the 
concentrations supplied in Table 1, source terms (Bq hr-1) can be estimated. 
 
For dumping of soil from the roll-off pan at ORWBG, estimates are performed in a 
similar manner.  The roll-off pan/ burrito bag is assumed to contain 23 m3 of soil and 
approximately two dumps will be made per hour (370 m3 in an 8-hour workday).  
Considering that the bag could potentially fail upon dumping, about half of the soil is 
assumed to be available for release.  Using these assumptions 32 kg hr-1 could become 
airborne as a result of dumping the burrito bags.  This number is highly conservative in 
that the burrito bags will likely not fail to the extent that half of the material is available 
for release.  Using the concentrations supplied in Table 1, source terms (Bq hr-1) can be 
estimated. 
 
 
Wind Driven Dust from Contaminated Area 
 
Using USDOE (1994b), the airborne release rate for wind driven dust is 4x10-3 g m-2 hr-1. 
Using the estimated area of 2400 m2 for the HRB, the release rate is estimated to be 
0.0097 kg hr-1.  Using the concentrations supplied in Table 1, source terms (Bq hr-1) can 
be estimated. This release rate is appropriate for wind speeds of 1 m s-1 which is much 
lower than average wind speeds at SRS (3.25 m s-1).  This pathway is not expected to be a 
main dose contributor, but more sophisticated modeling could be used to refine these 
estimates if necessary. 
 
The airborne release rate for wind driven dust at ORWBG are assumed to be bounded by 
the above mentioned values because it is anticipated that the size of the contaminated area 
at ORWBG will be smaller. 
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Dose Estimates 
 
Shine and Inhalation from standing at HRB and ORWBG 
 
Dose from inhalation and ground shine for workers standing at HRB and ORWBG were 
estimated using a combination of radiation surveys and RESRAD output.  Dose rates 
were measured at HRB in 1994.  These dose rate measurements range from 0.05 to 1 mSv 
hr-1 with the majority of the measurements being around 0.25 mSv hr-1.  Assuming the 
worker does not spend a prolonged period of time adjacent to location reflecting the 
highest dose rate, 0.25 mSv hr-1 would be the estimated dose from external exposure.   
 
RESRAD was used to estimate dose from inhalation and incidental ingestion of the soil 
while performing work at the HRB.  Average soil concentration values as taken from the 
H Area Retention Basin Baseline Risk Assessment (WSRC 2001a) shown in Table 1.  
Other input parameters used for RESRAD are shown in Table 2.  The estimated dose 
contribution from inhalation and incidental ingestion of soil is 3.5x10-4 mSv hr-1 and 
1.8x10-4 mSv hr-1, respectively.  Therefore, the total estimated dose to a person standing 
on the HRB would be 0.25 mSv hr-1.  These results are summarized in Table 3.   
 
Dose estimates at ORWBG are assumed to be bounded by the above mentioned values 
because it is anticipated that the size of the contaminated area at ORWBG will be smaller. 
 
Dose Estimates Involving Atmospheric Dispersion Of Materials 
 
Given the source terms estimated above, the methods contained within MAXDOSE-SR 
(Simpkins 1999) can be used to estimate downwind dose.  MAXDOSE-SR is an 
atmospheric dispersion model used to estimate dose for routine releases and applies a 
straight-line Gaussian plume model.  MAXDOSE-SR only estimates dose at the 
Savannah River Site boundary, so to estimate dose at 100 m, a spreadsheet was developed 
that employs the relevant methods.   
 
Using the relative air concentrations and ground deposition given as output in 
MAXDOSE, concentrations can be estimated at other distances using logarithmic 
interpolation.  For HRB and ORWBG, it is appropriate to use the H Area meteorological 
data.  At 100 m from either source, the sector resulting in the highest concentration, and 
therefore dose, is the southwest sector.  At 100 m, the relative air concentration and 
ground deposition were estimated to be 1.6E-4 s m-3 and 4.93E-7 m-2, respectively.      
 
Once the air and ground concentrations are known, inhalation and plume shine dose can 
be calculated using the following equations. 
 
Inhalation dose: 
 

 





•••χ= −− 11
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ii

inh
h d h24*yr d365

yr1
DFBRD    



  WSRC-MS-2003-00375 

 5 

 
where 
 
χi  atmospheric concentration, Bq m-3 
 
BR  breathing rate, 8400 m3 yr-1 (USDOE 1990) 
 
DFi

inh  nuclide specific dose conversion factor, Sv Bq-1 (USDOE 1988b) 
 
 
Plume shine dose: 
 
 

 
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where 
 
di  deposition rate, Bq m-2 
 
SF  shielding factor,  1.0, unitless  
 
DFi

g nuclide-specific ground-shine dose factor, Sv m2 yr-1 Bq-1 (USDOE 1988a) 
 
λ i nuclide-specific radiological decay constant, yr-1 

 
tb buildup time in the soil (length of operation),  1 yr  assumed 
 
Using these methods, worker doses were estimated at 100 m  for all potential emission 
pathways.  The results are shown in Table 3.   
 

DISCUSSION OF RESULTS 
 
Table 3 shows the dose for various exposure pathways associated with the movement of 
soil. Facility managers located adjacent to the process indicated any additional exposure 
was unacceptable so a comparison was made with typical  background levels in the area.  
Referring to Table 3 several of the exposure pathways lead to doses that are above 
background.  SRS has set an administrative goal of 5 mSv yr-1 (WSRC 2001b).  Using the 
SRS administrative goal as a point of comparison, workers could only work near 
contaminated soils (with 0.25 mSv hr-1 shine + inhalation) at HRB or ORWBG for 20 
hours per year.   
 
For the co-located worker the limited number of hours is not as straight forward since the 
actual dose is wind-direction dependent.  The doses predicted in Table 3 are for a 
constant wind direction.  The maximum number of hours per year that the wind blows in 
a given direction is typically less than 10%  (200 hrs for 2000 hour work year) for H Area 
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meteorology as taken from the MAXDOSE-SR output.  To ensure co-located workers do 
not receive dose in excess of the SRS administrative limit, processes involving dumping 
of soil from the excavator bucket into a roll-off pan at HRB or from the roll-off pan to the 
dumping area at ORWBG would need to be limited to 940 hours per year or roughly half 
of the work year.  However the wind will not blow in this constant direction half of the 
year, so there should not be a problem in exceeding the administrative goal even for this 
most limiting pathway.   
 
With respect to the DOE administrative goal of 20 mSv yr-1, workers could work at HRB 
or ORWBG for 80 hours per year and excavation type activities would not need to be 
limited to protect co-located workers.  With respect to the DOE occupational whole body 
dose limit for general employees of 50 mSv/yr (10 CFR 835), workers could work at 
HRB or ORWBG for 200 hours per year and excavation type activities would not need to 
be limited to protect co-located workers. 
 
Mathematical modeling of complex processes such as these is crude at best and the 
results should be treated as such.  The use of atmospheric dispersion modeling implies 
that wind direction stays the same over the entire period of the release.  This, however, 
may not be the case.  While these estimates are assumed to be bounding, stable weather 
conditions could potentially produce higher doses.  Also, atmospheric models such as 
these are based on a point source release, whereas these releases will actually be from 
area sources.  The use of the point source instead of the area source is conservative. 
 
 

CONCLUSIONS 
 
Dose estimates established here provide project managers with an additional tool to 
effectively manage dose during the transport of soil.  As with all dose modeling,  these 
estimates are approximate and monitoring at the site should override any previous 
recommendations.  With the proper application of ALARA techniques, movement of soil 
from HRB to ORWBG can be done in such a way to minimize dose to individuals 
involved.     
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Table 1.   Average Radionuclide Concentrations in H Area Retention Basin  
 
Constituent Concentration 

Bq g-1      

228Ac 3.96x10-2 
241Am 5.55x10-1 
14C 5.59x10-3 
137Cs 2.33x102 
60Co 4.59x10-3 
242Cm 2.74x10-2 
243Cm/244Cm 3.49x100 
245Cm/246Cm 1.01x10-2 
154Eu 3.62x10-1 
Gross alpha 6.77x100* 
212Pb 4.70x10-2 
237Np 1.32x10-3 
Nonvolatile beta 1.34x102† 
238Pu 5.07x100 
239Pu/240Pu 2.78x10-1 
40K 2.80x10-2 
147Pm 2.71x10-2 
226Ra 2.73x10-2 
228Ra 4.07x10-2 
22Na 9.07x10-4 
90Sr 6.11x101 
99Tc 8.03x10-2 
228Th 1.08x10-1 
230Th 4.37x10-2 
232Th 8.55x10-2 
233U/234U 3.20x10-1 
235U 1.84x10-2 
238U 2.78x10-1 
 
 

 
 

                                            
* Includes reduction of original reported gross alpha concentration by: 241Am, 226Ra, 237Np and 
all isotopes of Cm, Pu, Th, and U soil concentration values. 
† Includes reduction of original reported gross beta concentration by: 228Ac, 137Cs, 154Eu, 212Pb, 
40K, 147Pm, 22Na, 90Sr, and 99Tc.  
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Table 2.  Input for RESRAD Dose Estimates 
 
Parameter Value units Reference 
Contaminated Zone    
Area 2400 m2 WSRC 2001a 
Thickness 1.2 m WSRC 2001a 
Soil Density 1.65 g cm-3 WSRC 2001a 
Erosion Rate 0.001 m yr-1 Yu et al.  2001 
Total Porosity 0.359  WSRC 2001a 
Effective Porosity 0.2  WSRC 2001a 
Hydraulic Conductivity 11.2 m yr-1 WSRC 2001a 
Exponential Parameter 7.14  WSRC 2001a 
Cover    
Thickness 0 m  
Erosion Rate 0.001 m yr-1 Yu et al. 2001 
Other    
Outdoor time fraction 1  Scenario specific 
Breathing Rate 8400 m3 yr-1 USDOE 1990 
Mass loading 0.001 g m-3 Carlton 1999 
Soil ingestion 36.5 g yr-1 Yu et al. 2001 
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Table 3.  Dose Estimates for Workers as a Result of Removal of  
HRB Soil to ORWBG 

 
 Inhalation 

Dose 
Ground 
Shine 

Ingestion Total Greater than 
Backgound 

Pathway mSv hr-1 mSv hr-1 mSv hr-1 mSv hr-1 (4x10-4 mSv hr-1)* 
On-Unit worker      
     Standing at HRB 3.5x10-3 2.5x10-1 1.8x10-01 2.5x10-1 yes 
100 m Co-Located Worker       
     Excavation (HRB or ORWBG) 1.1x10-4 2.3x10-6 na 1.1x10-4 no 
     Dumping Bucket (HRB) 5.2x10-3 1.1x10-4 na 5.3x10-3 yes 
     Dumping Roll-off Pan (ORWBG) 2.9x10-3 6.1x10-5 na 3.0x10-3 yes 
     Wind-Driven (HRB or ORWBG) 8.9x10-7 1.8x10-8 na 9.1x10-7 no 
*Average annual dose in the area  
 
 


